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?ROCESS 3iCX?IQUES STUDY DF IN'EGRATED CIR7TJITS 

Quarterly Report No. 7 

ABSTF, A CT 

The ob.jecti.fe of present work i s  t o  obtair! nore quantitative 
information on tLe erltrapment of hydrogen i n  grown s i l icon  dioxide 
layers using tritim as a tracer and t o  seek evidence of i t s  possible 
i m i c  mobility i n  a potential  gradient. O t h e r  objectives include the 
i n t e r p e t a t i o n  of the EFR second signal as a possible indicator of 
oxygen vacancies, the investigation of gas embient e f fec ts  on integrated 
circui ts ,  and the elucidation of the machanics and dynamics of structu- 
r a l  defects i n  oxide layers. 

Analysis of wafers from recent t r i t j u n  experiments duplicating 
the conditions reported by Burgess and Fowkes has failed t o  show any 
measurable beta activity.  
bhis program and those of Burkhardt, and of Burgess and Fowkes, are 
.summarized and explained. 

The differences between resu l t s  obtained on 

An i n i t i a l  attempt to  demonstrate proton electromigration i n  
thermal oxide has not produced a measurable result .  

Thirty integrated circui ts  selec+,ea from three manufacturers 

L i t t l e  variation i n  init ial  e l ec t r i ca l  
The 

have been e l ec t r i ca l ly  characterized and the contained package ambients 
analyzed by mass spectrometry. 
parameters was found, but gas ambient compositions varied widely. 
Output t ransis tors  of these IC's have been rebonded to  permit beta 
measurements. 
ricated for  tne further investigation of these devices. 

An environmental chamber of extended range is  being fab- 

Evidence from EPR absorption spectrometry of thermally grown 
oxides ifidicates tha t  the presence of un?aired electron spins may be 
associated with prior HF treatments such a s  those used i n  chemical 
polishing of wafers or i n  window etching. 

EP? absorption of an aluminized oxide on s i l icon  has yielded 
a peak with a 
one per cent by weiqht was found i n  these sanples by microprobe analysis. 

value o f  2.0023 f 0.0004. No impurities i n  excess of 

A co r r e l a t im  of b e t t e r  than 99 per cent has been found be- 
tween d ie lec t r ic  defect incidsnce and wafer cooling a f t e r  exposure t o  
vmor phase etchinp. T h i s  resul t  i s  considered to  provide the first 
d i rec t  evidence that; film rupture i s  due t o  the thermal cont rac t im 
difference between silicoi, and s i l icon  dioxide as  ea r l i e r  proposed. 

Evidence has been obtained which indicates t ha t  removal of 
the oxide layer from one s i d e  of a wafer causes s t ruc tura l  damaqe t o  the 
oxide on the other side. 
regions of the oxide i n  which soma blemish o r  s t ructural  variation i s  
evident. 

Dielectric defects appear t o  be restr ic ted t o  

1 



Evidence from another s e t  of experiments indicates t ha t  oxide 
defects are not i n  any way related t o  dislocation densi t ies  or  stacking 
f a u l t  densi t ies  i n  the substrate si l icon. 

a 
2 



PROCESS TECHNIQUES STUDY OF INTEGRATED CIRCUITS 

Quarterly Report No. 7 

AC COWLISIIMENTS 

A. Oxide Radiotracer Fkperiments 

New tritium sxperbnents were conducted at. the General Atomic 
f ac i l i t i e s .  
conditions reported by Burgess and Fowkes . 
wafers were treated, and representative samples from each run were pre- 
pared fo r  analysis by stripping off the back oxide layer t o  allow ground- 
ing t o  the counting chmber and prevent beta attenuation by posit ive 
charge accumulation. The experiment duplicating the Burgess and Fowkes 
conditions u t i l i sed  a gas phase composition corresponding t o  a i r  
(0.2 atm 02) and a specific ac t iv i ty  of 0.1 mc/g i n  the injected water. 
The other two experiments were conducted i n  a 50/50 Q2/N2 ambient car- 
rying t r i t i a t ed  water of 10 mc/g specific activity.  
between the last two experiments was the water reservoir temperature: 
and 94 C, respectively. 
tent i n  all three runs were obtained from the carrier gas flow ra t e s  and 
t h e  condensed water mass differences i n  the e x i t  cold trap. 
failed t o  yield wafer specimens with a detectable beta activity.  

Three runs were performed, one of  which duplicates the 
1 A total of seventy-five 

The main difference 
36 C 

Precise determinations of the gas phase water con- 

A l l  three runs 

2 I n  view of our ear l ie r  resul ts ,  and of those obtained by Burkhardt , 
the leve ls  reported by Burgess and Fowkes (lo2' H atoms/cm 3 oxide) seem 

hidhly improbable. 
various experimental conditions and computing the actual oct iv l ty  leve ls  
present i n  each case, as shown i n  Table I. In  this table  runs 3, 4 and 5 
are the experiments recently conducted on th i s  progrm (December 9 t o  13, 
1966), and runs 1 and 2 are ear l ie r  experiments (Septsmber 15, 1965, and 

This conclusion is c lear ly  indicated by summarizing t h e  

3 
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October 7, 1965, respectively.) Estimated ac t iv i ty  levels  i n  the  Burgess 
and Fowkes experiment are based on available evidnnce from t h e i r  report 

m d  our ddplication of the i r  conditions i n  run 3. 
t h a t  the gas phase dyecific activity i n  the i r  experiment could be more 
+ k m ?  Additionally 
our run 1 a t  10 

qave specimens r>f barely perceptible beta activiby (see F i f th  Monthly 
neport, September, 1965) a n d  our runs h and 5 
levels  gave no detectable results. 
and Fowkes r e m l t  i r unacceptable pending more det,ail.ed evidence from t h a t  
l a b  11 atory. 

1 

It i s  not conceivable 

-c' 
'actor of 10 'those of Burhardt and of our run 2. 

3 times the act ivi ty  of the Burgess and Fowkes experiment 

?t s l igh t ly  lower tritium 
It must be concluded that the Burgess 

Confidence can be placed i n  the Eurkhardt resu l t ,  however, because 
of  th.o coA ),riderable care exercised i n  standardizing experimental conditicr,.-; 
end counting technique. Liquid sc in t i l l a t ion  counting, although generally 
Ver-zrded as m r e  sensitive, offers no advantage i n  accuracy over our metnms 

proportional countinp because both techniques &*Are calibrated against re- 

ference standards from the same source (New Enqland Nuclear Corp.). 
difference i n  resu l t s  l i e s  rather i n  the use of pure t r i t ia ted steam as  the 
c -  ;:-en source i n  the 3urkhardt experiment whereas i n  our run 2 the steam re- 
preserted only 0.1 the t o t a l  available oxyi.;en. Moreover, the Eurkhardt ox- 

.i.Zat,ion was carried out close t o  the glass t ransi t ion temperature (1000 C), 
where out-diffusion of hydrogen is less rapid, and no provision w a s  avail- 
able for subsequent flushing and desorption of adsorbed species a t  the ox- 

t d a t i ,  r temperature. I n  run 2 the oxidation ( a t  1150 C )  was followed by a 

thcrough tracer-free nitrogen purge. 

The 

All of the above conditions specified 
the Burkhardt experiment tend t o  maximize hydrogen entrapment and re- 

a r  ex- prsser.t, a significant departure from normal processing technology. 
Seriments show t h a t  as more conventional conditions are approached the 
hydroelen retention i n  the oxide, although s t i l l  demonstrable, is signiff-  
cantly reduced. 

2 The data of Burkhardt indicate tha t  oxide attenuation of recover- 
able beta activity i s  a substantially larger  e f fec t  than or iginal ly  antici- 

pated. Space charge effects  within the insulatfng layer are suspected as 



the major contributing factor (see below) because the calculated averagr 

ranne of 18 Kev beta par t ic les  i n  Si02 i s  about 13,000 8 (quarterly 

Report No. 1, August, 1965), and the maximum range, kO,000 8. The mag- 
nitude of the erA-or introduced by t h i s  effect  can be determined experi- 
ment.ally by steptrise etching a n d  counting. 
hiBher resu l t s  fo r  our ear l ie r  investinations, an  increase by a factor  of 
30 or  better,  i s  not foreseeable. 

Although this should lead to  

3 

It should be pointed out that the foregcing arguments r e l a t e  only 
t o  the aiiantitative aspects of the previous runs and have no d i rec t  bearinE 
ori the success i n  f u l f i l l i n g  the or iginal  quali tative in ten t  of these ex- 

periments. 

The possibiil ty tha t  the insulating properties of s i l icon dioxide 
layers may influence 4-pi beta assay procedures f o r  tritium estimation was 
f i r s t  suggested i n  the twelfth monthly report (April, 1966). Although the 
he ta  energics involved (18 Kev) substantially exceeded the attenuation i n  
the oxide layers,  the 4-pi technique d i d  not prevent build-up of 1 comgen- 
sating positive charge i n  the silicon substrate which could t r ap  and r e t a in  
a portion of the heta emission. 
a s  described i n  the thirteenth monthly report (May, 1966) by exposing one 
side o f  the w a f e r  surface and bonding B gold contact thereto. The specimen, 
whic., now provided essent ia l ly  2-pi geometry, was assayed f o r  beta ac t iv i ty  
witn the resu l t s  given i n  TABE 11. 

A t e s t  of t h i s  poss ib i l i ty  was undertaken 

TABLE 11. EVALUATION OF GItDuM>ED COUNTING TECHNIQUE 

ORIGINAL CALCULF'fiJ7 GROUNDED CALCULATED 
SPEZRYEh BZTA COUNT H CONTE3T* COUNT H CONTENT** TECHNIQUE 

FACTOR - NO. ( I ? f d  ) DATE (atoms/cm') (M&> DATE (atoms/cm 3 

6 31 16 3/22/66 2.65 x 10 l6 518 11/3/66 5.73 x 10 2.17 

++Corrected t o  date of orie;inal tracer experiment (10/7/65) . 
T m  factor of 2.l7given i n  TABU, II is  strong evidence of positive charge 
accumulation i n  the s i l icon wafer when insulated by both oxide layers. 
t h i s  factor i s  not corrected for  beta attenuation or space charge effects ,  
a? suggested above, i n  the remaininq oxide layer o r  f o r  possible environmental 
exchange (estimated a t  - 20 percent over one year) the average hydrogen con- 
t e n t  of t h i s  oxide actually may be i n  the range of 1017 atoms/cm . 

Since 

3 This value 

6 



still i s  substantiaily l e s s  than the lo2* atoms/cm 3 reported elsewhere and 

analyzed above . 
Electromigration of tritium i n  oxidc layers was attempted a t  20C C 

and a bias of 150 V using aluminum f o i l  plates  i n  contact with the oxide, as 
described i n  the thirteenth monthly report (May, 1966). 
remaininc; i n  the oxide a f te r  this treatment was not s ignif icant ly  different  
from the original a r t i v i ty ,  indicating e i ther  t h a t  the hydrogen was immobile 
under the experimentual conditions o r  that the f o i l  electrodes were not i n  
suff ic ient ly  intimate coqtgct with the oxide t o  permit cathodic deposition. 
Eurkhardt's attempt LO demonstrate hydrogr-n electromigration2 also yielded 
a nepative r e s u l t  and the transport of positive charge may be dependent on 
a proton-sodium ion exchange. 
gcsted in the original proposal for this investigation. I n  sp i t e  of these 
i n j t l a l  negative resul ts  tho  independent electromigration of  hydrogen ions 
i n  thermal oxide canLiot. be regarded as a refuted possibil i ty.  

The beta activity 

The poss ib i l i ty  of such exchange was sug- 

R. GAS AMBEIOT EFFECTS 

Thirty genefa1 purpose amplifier integrated circuits (ten each from 
Texas Instruments, Westinghouse and Norden) have been selected t o  investi- 
gate the effects  of ambient hydrogen on t ransis tor  gains. 
w i l l  proceed i n  the f o l l o w i n g  steps: 

The t e s t  program 

1. 
2. 
3 .  
11. 

5. 
6. 
7. 
8. 
9. 
10 . 
11. 

Selection of samples 
Electrical  characterization 
Mass spectrographic analysis of package ambients 
Measure output transistor beta 
Vacuum bake 
Measure output transistor beta 
Bake i n  forming gas 
Measure output transistor beta 
Vacuum bake 
Measure output transistor beta 

Correlate data 

The t h i r t y  integrated circui ts  have been e l ec t r i ca l ly  characterized 
and the data given i n  TABLZ 1: & T A B U  IV.  The parameters measured fo r  
a re  the following: 

7 



TABLE III - INITIAL ELECTRICAL DATA ON 0940 ICs 
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Test 1. 
Test 2. 

Test 4. 
Test 5. 
Test 6. 
Test 7. 
Test 8. 

Test 3. 

Test 9. 

Differential  DC Input Voltage Offset (DIVO) 
Common ?!ode DC Output Voltage Offset (CMOVO) 
Law Ekequency AC Voltage Gain (GV) 
Single Ended Low Frequency AC Voltage Gain (GI?) 

AC Signal Swing (two leads) (ACSS) 

Differential  DC Current Offset (DICO) 
Input Impedance (2 in) 
Midband Common Mode Rejection Ratio (CMRR) 

Paver Supply Currents (Three voltages) 

The data provided by these tests, which are par t  of the Autonetics 
specifications NAS-16071 f o r  the I D  ).t77-0940 OPA and NAS-16078 fo r  the 
IID 477-0947, will be correlated with the subsequent data t o  be generated. 
Three of the significant parameters are  not measured experimentally but  may 
be calculated from: 

Z i n -  Rs 
c s  

:T&; j 

D I C O  t e s t  6 - test 1 
Rs 

Where RS = 30,000 ohms for the 940 
RS = 3,000 ohms f o r  the 947 

(3) 

Twenty of these integrated circuits were selected f o r  gas analysis 

The resul ts  are shown i n  TABLE V, and indicate ex- 
The major constitu- 

on a mass spectrometer. 
tensive device-to-device variations in gas composition. 
en t  i n  the T I  devices (samples 2-9) was nitrogen, the desired package am- 
bient. 
amounts of CO,. The large mount of He present evidently originated from 
pressurizing the devices i n  helium pr ior  t o  leak test ing somewhere i n  the 
device history. The c6, trace could be present a s  impurities i n  the N2 
d r y  box gas. 

However, four devices contained He and five devices contained small 

The Norden devices (samples 21-30) also show the major consti tuent 
a s  N2 with traces of 02, C02, and A in  some packages. Device 30, however, 
contained 44.6 percent N2, 9.5 percent 02, 44.5 percent He, 0.9 percent Co2, 
and 0.5 percent A. 

high leak rate, thus allowing a i r  to leak i n to  the package over a period of 
This indicates that this device had a package with a 

10 
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time. 
package is  sealed a t  a high temperature and thus upon cooling a p a r t i a l  
vacuum should ex i s t  inside the package. 
device 30 re lat ive t o  the other Norden devices indicates t ha t  in-leakage of 
external a i r  equalized the pressure. 

The gas volume noted also indicated a leaky packaqe a s  the Norden 

The extremely large gas volume of 

The FJestinghoiise devices (samples 11-19) showed the most e r r a t i c  
behavior i n  terms of gas composition. 
H2 contents above 85 percent with a smaller percentage o f  N2. 
(12 and 18) showed major amounts of N2 and O2 and no detectable H2. 
planation of the package sealing technique will be necessary i n  order t o  
explain t h i s  effect .  
nace which has a nitrogen blanket on both ends and a small region of H2 at 
the center of the furnace. 
depend on the position i n  the furnace a t  which the package i s  actual ly  
sealed via a brazing alloy. 
the hydrogen (11, 17,  and 19) were sealed i n  the center of the furnace. 

Three devices, (11, 17, and 19) showed 
Two devices 

An ex- 

The devices are braze sealed i n  a continuous-belt fir- 

Therefore, the package ambient composition w i l l  

T h i s  would indicate tha t  the devices containing 

The presence of O2 i n  devices 1 2  and 18 i s  more d i f f i c u l t  to explain, 
especially since hermeticity t e s t s  were not performed immediately pr ior  t o  
gas analysis. However, it would appear tha t  these two devices were hermetic 
s e a l  leakers, which allowed the H2 present t o  escape and allowed the com- 
position to equilibrate with external a i r .  The presence of more than the 
a i r  percentage of O2 i n  device 1 2  cannot be explained a t  t h i s  time. 

The output t ransis tors  of  these integrated c i r cu i t s  have been re- 
bonded t o  permit beta measurements a t  various base currents. 
of a vacuum chamber i s  being performed t o  provide 
temperatures t o  250 C for  step 5 of t h i s  investigation. 

Modification 
Torr pressure and 

C e  EPR SPECTFDIBTRY 

Additional EPR data on samples ( M b  + HF), (d + NaCl) and (TW) 
have been obtained. O f  particular i n t e re s t  a re  the r e su l t s  on sample 
( M b  + HF) under atmospheric and reduced pressures shown i n  Figure 1. 
i s  evident from the figure that  outgassing o f  the HF treated sample 

( a t  .h x 
The second signals of the other two samples, however, were unresponsive t o  
Outgassing. 

It 

Torr) produces a a l g n i f l a a n t  reduction i n  the second signal. 

The evidence appears t o  implicate the HF + S i  system as  a source 
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of the second sign.zl. It is  known, fo r  example, t ha t  SiFL (formed i n  tho 
present experiment by H!? + SiOp) in te rac ts  with s i l i con  a t  elevated temp- 
eratures t o  produce the biradical Si F 

b i ta l s .  
should r e su l t  i n  release of SiF and deposition of "atomic" or  f ine ly  d i -  

vided silicon. This '3ossibility f i t s  well with the experimental conditions 
employed because the specimen (& + HF') was baked for ten minutes a t  
1150 C i n  an i n e r t  atmosphere a f te r  treatment with 0.5 percent HF solution. 
The residual f inely divided sil icon then could a c t  as adsorption s i t e s  for  
condensable gases during EPR Spectrometry. 
because the EPF1 Spectra were taken a t  -185 C y  ana the second signal re- 
appeared on admission of room a i r  t o  the outzassed sample. 
poss ib i l i ty  of residual contamination by fluorinated species cannot be 
ruled out, the revers ib i l i ty  of outgassing e f fec ts  on the EPR signal appears 
t o  be associated w i t h  the sorption of atnospheric, components on surfaces rem- 
dered sensit ive by the HF treatment. 

containing unfil led s i l i con  or- 2 4  
However, the reverse of t h i s  reaction a t  s t i l l  higher temperatures 

4 

This also i s  a r ea l  poss ib i l i ty  

Although the 

The implications of this finding with respect t o  integrated c i r c u i t  
processing may be s ignif icant  because of the extensive u t i l i za t ion  of pat- 
tern etching w i t h  HF followed by diffusions or  other high temperature treat- 
ments. If the EPR second signal can be associated with posit ively charged 
atomic vacancies the present evidence indicates t ha t  HF may play a ro le  i n  
causing inversion and that, steps should be introduced t o  remove it a f t e r  it 
has served i ts  function. 

The independent main signal on s i l icon  powder has been shown' t o  be 
somewnat sensitive to  various ambients and pressures, possibly a s  a r e s u l t  
of residual surface damage. The lack of  main signal change i n  the present 
sample (also snown i n  Figure 1) may be due t o  in t ac t  oxide passivation or  to 
prior  removal of surface damage by etching. 
it is  highly unlikely t h a t  t h i s  main signal i s  associated with defects i n  
the oxide structure. 

According t o  ea r l i e r  evldence 

Burkhardt's experiments on the d i e l ec t r i c  relaxation of s i l i con  d i -  

oxide led him to rule out sodium ions as  a source of oxide i n s t a b i l i t y  and 
to  postulate an oxygen vacancy generation mechanism based on a reaction of 
deposited metal with the si l icon dioxide. 

Ir 

To explore t h i s  poss ib i l i ty  by 



EPR several samples of 8000 8 oxide grown on single crys ta l  s i l i con  
(10 ohm-cm, n type) with aluminum dots deposited on them by Ebeam evapora- 
t ion  were prepared. 
the absorption siqnal was much larger than any recorded previously, includ- 
ing those of bare s i l i con  powder with i t s  much larger  surface area. 
diQxide samples grobm on single c rys ta l  s i l i con  without aluminum have pre- 
viously produced no signal even a t  high gains. 
was only mn a t  room temperature and produced only  a single signal. 

Although the sample area was small (2.5 cm x 0.15 cm) 

Silicon 

This sample, (TW + A l )  S.C., 

5 It has been reported that no resonance signals are obtained from 
aluminum between 4K and 300K unless ferromagnetic impurities are  present. 
The aluminum used here was 99.999 percent and had been analyzed by emission 
spectrography, showing copper, i ron and magnesium present i n  levels between 
.001 - .0001 percent. For the i ron this represents about 10l6 spins per 

3 cm . 
la ted to have 3 x lou spins which is too small t o  produce a detectable ab- 
sorption signal wi th  the available equipment. It appears, therefore, t ha t  
the present signal i s  derived solely from an interaction between the alumi- 
num-deposit and the oxide surface, i n  substant ia l  agreement w i t h  Burhardtcs 
model. 
cavity and found to  be 2.0023 + 0.0004 a t  -180 C. It does not appear t o  be 
temperature dependent. 
where analyzed with the electron microprobe. No elements above atomic m- 
ber four other than aluminum were found on the oxide. 

On a total volume basis  the aluminum present i n  t h i s  sample was calcu- 

The g value of t h i s  single signal has been calculated using the dual 

- 
To check for  possible trace impurities these samples 

D o  INCIDENCE OF DIELECTRIC DEFECTS 

The e f f o r t  on this portion of the program during the past  quarter 
can be classif ied in to  three general areas: (I) Substantiation of the 
model evolved from previous work which postulates t h a t  the dominant mechan- 
ism of defect formation Fn oxide films i s  rupture of the film due to  
mechanical s t r e s s  result ing from the thermal expansion mismatch between 
s i l icon  and s i l icon  oxide. 
predicts to  be oxide quality. 
i n  the oxide structure a t  which actual o r  l a t e n t  defects occur. 

(11) Investigation of process steps which the model 
(111) Search for  the source of variations 

15 



Studies i n  area I have been directed toward determination of the 
number of defects present i n  an oxide layer  a s  it exis t s  subsequent to 
growth but pr ior  t o  cooling. 
ber present a f t e r  removal of the wafer from the f’urnace provides a d i r ec t  
evaluation of the number of flaws produced by f i l m  rupture during cooling. 

Comparison of  these defects with the m- 

The decoration t e s t  has proved exceptionally suitable fo r  the low 

temperature, post-cooling detection of oxide defects. 
a t e  the die lec t r ic  flaws present i n  the grown oxide pr ior  t o  cooling a 
preferent ia l  i n  s i t u  vapor etch technique was ut i l ized.  
demonstrated tha t  H C 1  vapor w i l l  at tack s i l i con  a t  elevated temperatures 
according t o  reaction ( h )  but w i l l  not appreciably attack the s i l i con  
oxide . 

I n  order to deline- 

It has been -- 

Utilizing t h i s  preferential  etching character is t ic  of HC1, the following 
experiment was perfonned to determine the re la t ive  incidence of inherent 
(pre-cooling) and stress-produced oxide defects. 

Oxides were grown to 8000 8 thicknesses i n  steam a t  1150 C on a 
group of 10 phosphorus-doped, 
oxidation period the steam flow was discontinued and a d r y  N2-HC1 - dry O2 

mixture was passed through the furnace fo r  10 minutes, followed by a LO 
minute d r y  N2 flush. It was anticipated t h a t  under the prevailing con- 
d i t ions  the HC1 vapor would produce etch p i t s  i n  the Si surface a t  points 
where it was not protected by the oxide layer. 

- 10 ohm-cm wafers. After the required 

After the nitrogen flush, the wafers were removed from the furnace 
and subjected t o  the electrophoretic decoration test. The decoration pat- 
terns were photographed and the decorations and the oxide removed from the 
S i  wafer. 
nif icat ion t o  determine the location of possible etch p i t s  fo r  comparison 
with the decorated defect pattern. 
the 10 wafers, the others being fractured during tes t .  
there a m  no etch p i t s  v i s ib le  i n  the S i  a t  the magnifications ut i l ized.  
On the remaining wafer one possible etch p i t  was located a t  a s i t e  coin- 
cident with a decorated defect. The to t a l  number of defects detected by 
decoration on each wafer i s  shown below. 

The wafer was then scanned under a microscope a t  %-5OOX mag- 

T h i s  procedure was completed on 8 of 
On seven of these 

16 



WAFER TOTAL DEFECTS - 
1 33 
2 27 
3 15 
4 24 
5 28 
6 18 
7 
8 

Total 

13 
27 

195 

The suspected etch p i t  was obsemd on wafer No. 6. Carefti& exam- 
ination of the site i n  question by conventional and Nomarsky microscopy 
suggested tha t  the anomalywas a mound on the s i l i con  surface rather than 
an etch p i t  and tha t  the material composing the mound was polycrystalline. 
A photograph of this s i t e  is shown i n  Figure 2. 
center is believed to be the original oxide defect. oxide was etripped 
with hydroflouric acid and a proficorder trace was made across this region 
of the wafer. The trace 58 shown i n  Figure 3 and ver i f ies  t ha t  the anomaly 

was indeed a mound. Electron beam microprobe a n a l p i s  of the mound re- 
vealed only  si l icon present i n  detectable quantities. This evidence leads 
to the hypothesis that  i n  addition to any HC1 etching which occurs accord- 
ing t o  equation (L), further attack occurred by the reaction of %O vapor 
a t  l a w  concentration level8 with the S i  substrate according to reactions 

The dark region near the 

6 

( 5 )  through (7). 

si ( 5 )  + 30 (d = s i 0  (g) + 3 (g) 

si ( a )  + SiO2 [s) = 2sio (8) 

( 5 )  
(6) 
(7) 

Si ( 4  + 2 5 0  (d = SiOa (8) + 2% (g) 

It was observed during tha etching phase of the experiment t h a t  
water vapor From the oxidation step had condensed in the  I n l e t  glassware 
and was available for  pickup by the N2-02 HC1 mixture. This would allow 
reactions ( 5 )  through (7) to pmceod. The generation of 5 by ( 5 )  and 
(6) and the reversible nature of (4) probably led to redeposition of 
polycrystalline s i l i c o n  around the etch p i t ,  result ing i n  the observed 
mound. 

17 



Figure 2. Suspected etch site on wafer No. 6 .  (125 X) 
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Figure 3. Proficorder trace across region of Figure 2. 

(Average mound height: 0.14 microns; Mound diameter: 600 microns.) 



It was found, i n  fact, t ha t  with the vapor etching s y s t e m  used 
the presence of 30 was necessary to obtain etching. 
blems involved i n  control of H20, HC1 and ca r r i e r  gas concentrations a 
d i f fe ren t  etching system was adopted uaing a HC1-He mixture a s  described 
by Pinneo and Burke7 This system is much more suitable fo r  use in an 
open tube furnace than a conventional HC1-H2 mixture since it eliminates 
the hazards of the possible high temperature H2-02 reaction a t  the gas 
ou t l e t  point. 
n i f icant  etching. 

Because of the pro- 

The following conditions have been shown t o  produce sig- 

Temperature 1150 c 
He flow ra te  13 l/min 
HC1 f l a w  rata 0.8 l/min 
Tims 15 min. 

Prior to adoption of the vapor etching technique as a defect de- 

This was achieved by decorating a num= 
tect ion method it was necessary to establ ish the correlation between 
decorated defects and etch pits. 
ber of defects on a wafer and then subjecting the wafer t o  a vapor e tch 
i n  an epi taxial  reactor wing a $-Hc~ laixture.8s9 A portion of such a 
decorated wafer is sham i n  Figure 4. The two decorated regions (1 and 
2 )  are shown i n  Figures 5 and 6 after the vapor etch. 
t ha t  one or  more etch p i t s  correspond to  each decoration. 
to establ ish this correlation for each decoration. 
that the decorations of closely spaced defects often merge and give the 

appearance of a single defect. During decoration, however, each defect 
i s  a source of Hp bubbles and the count i s  made a t  this time t o  avoid dis- 
crepancies. 

It can be seen 
It was possible 

It rshould be mentioned 

After establishment of etching conditions with the He-HC1 system 

and ver i f icat ion of coincidence between decoration s i t e s  and etch p i t s ,  
another experiment on etching pr ior  to  cooling was perfomnod. Two wafers 
were inserted i n  the furnace and oxidized i n  Steam a t  U.50 C to  an oxide 
t h i c h e s s  of 5200 8 (determined after ramoval from the furnace). After 
the oxidation period the fhrnace was purged f o r  40 minutes with dry  helium 
t o  remom all 50 from the i n l e t  glassware. 
which was known t o  ham a number of oxide defects was  then inserted i n t o  

An oxidised control wafer 
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Figure 4. Wafer with oxide defects revealed by decoration. (SX) 
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Figure 5. Region 1 of Figure 4 after decoration removed and vapor etch 
a> 35 X b) 175 X 

0 
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Figure 6. Region 2 of Figure 4 after decoration removal and vapor etch. 

(35 XI 
23 



the furnace and a vapor etch was performed using the He-HC1 mlxture under 
the previously described conditions. 
the tube purged with He for 1Omirnrtas. 

first and obsermd to have undergone etching a t  oxide defect 8itea. 
other two wafers were then rmomd and found to be free from any etch 
p i t s .  
of 57 cmo2 and 50 ano2, prodding additional substantiation of the aon- 
clusion that oxides are essent ia l ly  continuous when grown,and defect8 

originate by rupture upon cooling. 

The H C l  flow was terminated and 

The control sample was removed 
The 

Subsequent electrophoretic decoration revealed defect densi t ies  

It is evident t ha t  the combination of the vapor etching and th4 
decoration technique provides a powerfil too l  fo r  invsstigating other hy- 
potheses concerrdng the e f fec t  of process steps on oxide quality, e.g., 
the ineffectiveness of oxide regrowth, the increase i n  defects as a 

r e su l t  of thermal cycling and the r e su l t  of oxide removal from one side 
of the wafer. 

The l a t t e r  f a l l s  i n t o  the second general area of study and has 
already been under investigation 9 by man~ of repl icate  electron micro- 

scopy i n  conjunction with the decoration te&niq,ue. 

A wafer with the isolat ion pattern defined was oddized in s t e m  

t o  produce a backside oxide thickness of 4000 8. After oxidation 8 

repl ica  of the device surface oxide was made. 
fo r  defects by the decoration method without removing the oxide from the 
reverse side. Defects i n  certain areas were photographed and I p o s t  
test replica of the device s i d e  was made. 
stripped, a replica was made, the decoration test performed, additional 
and previous defects photographed and a final replica made. 
of the central  region of the wafer a f t e r  first decoration i s  shown In  

Figure 7 w i t h  the two decorated defects circled. 
of the same region a f t e r  the second decoration t e s t  ( a f t e r  back oxide re- 

moval). 
indicated i n  Figure 8 ham been examined fram replicas made a t  each stage 
of t h e  experiment. Defect No. 1 was detected with the first decoration 

while Nos. 2 and 3 were not detected a t  the first decoration but were pre- 
sent a t  the second decoration. Figure 9 shows t h a t  a rupture was preaent 

This oxide was then teated 

The backside oxide was then 

A photograph 

Figure 8 is a photograph 

The increase i n  defects is evident. The three specif ic  defecta 
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Figure 7. Central region of wafer a f t e r  decoration with back oxide intact. 
( 5  X I  
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Figure 8. Region of Figure 7 a f t e r  decoration subsequent to removal 
of oxide from reverse side. ( 5  X). 
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Figure 9 .  Surface replica of defect No. 1. region before first decoration. 
(5,OOo XI 
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in the oxide a t  the location of defect No. l b e f o r e  the first decoration. 
No a l te ra t ion  of the oxide aurface occurred a s  a r e su l t  of the first 
decoration and the back oxide removal. 
the second decoration considerable damage was observed i n  the v ic in i ty  of 
the original defect as shown by Figure 12. 
no discernable rupture of the oxide i s  evldent u n t i l  a f t e r  the second 
decoration (Figures 13-16). 
the back oxide removal is observed as shown i n  Figure 19. 

(See Figures 10 and 11). After 

In the case of defect No. 2, 

A t  the t h i r d  defect, damage to the oxide by 

An additional portion of  the oxide i n  this region was subsequently 
removed by the second decoration. 
the first decoration t e s t  d i d  not vis ibly damage the oxide layer. Howevsr, 
considerable damage t o  the oxide apparently r e su l t s  From the second decora- 
t ion test. This i s  interpreted as indicating tha t  the test i t s e l f  i s  not 
detrimental to the oxide. It is concluded that the removal of the oxide 
from the wafer backside produces s t ruc tura l  damage i n  the bulk of the re- 

maining oxide, which may o r  may not be manifested i n  the oxide surface 
texture. The damaged area, hmvur ,  apparently presents a lower impedance 
to current flow and crllows passage of charge suf f ic ien t  t o  produce, a t  the 
Si surface or  i n  the  oxide, the hydrogen evolution which occurs i n  the 

decoration test. 
and produces the al torat ion observed as a r e su l t  of the test. 
that the increase in defects observed after backside oxide removil is real 
and probably results from damage t o  the oxide caused by flexure of the 
wafer when its s t r e s s  prof i le  is altered by this removal. 

(See Figure 20). In a l l  three cases 

This gas then dislodges a portion of the damaged oxide 
This means 

One s ignif icant  factor t h a t  can be observed i n  the replicas, 
(Figures 9 - 20), is that the defects in  a l l  three cases occur in a 

region where a blemish o r  anomaly i s  present on the oxide mrface. 
suggests that these blemishes represent the weak spots i n  the oxide layur 

T h i s  

&ere rupture can most eas i ly  occur. 
o d d e  texture is s t i l lundetemined  and i s  the basis for  the e f f o r t  i n  
area 111. It is conaidered possible tha t  the substrate-relatod defects 
discuesed i n  prsvlous reports monifest themselves as blemishes or  m i a -  
t ions i n  the oxide f i lm structure. 

The murce of these variations i n  



Figure 10. Region of  defect No. 1 after first decoration. (5,oOO X) 0 
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Figure ll. Region of defect No. 1 after backside oxide removal. 
(5,000 XI 

0 
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Figure 12. Region of defect No. 1 after second decoration. 
(5,m XI. 
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EYgure 13. Defect No. 2 before first decoration. 
(5,000 1) 
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Figure 14. Defect No. 2 after f i r s t  decoration. 
(5,OOo x) 
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Figure 15. Defect No. 2 after backside oxide removal. 
(5,OOo x) 
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Figure 16. Defect No, 2 after second decoration, 
(5,OOo a. 
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Figure 17. Defect No. 3 before first decoration. 
(5,m x) 



Figure 18. Defect No. 3 a f t e r  f irst  decoration. 
(5,000 XI 
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Figure 19. Defect No. 3 after backside oxide removal. 
(5,000 XI. 
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Figure 20. Defect No. 3 after second decoration. 
(5,OOo XI. 

39 



A number of experiments have been in i t i a t ed  t o  ascer ta in  the 

nature of possible substrate defects leading t o  variations in oxide atruct-  
urd. To investigate the effoct of dislocations a comparison wa8 made of 
defect densi t ies  i n  oxides on S i  substrr tes  grown by the Csochralsld and 
f l o a t  zone methods. 
cation density in the S i  crystal than does the former. 
r e su l t s  of the experiment follow, 

The latter technique r e su l t s  i n  a much higher dislo- 
The d e t a i l s  and 

Material source h a t  (cz) Dow Corning (a) 
Resis t ivi ty  Range - 
Dopant - Phosphorus PhOaphorU8 

Orientation - (111 1 1 

16 - 2L 0hPnz-m 85 - 93 0h-m 

Area of Wafer 5.07 5.07 

Two wafers from each group ware oxidised under the following oonditionst 

The back oxide8 wore removed with HF and the defects decorated, yielding 
the following results: 

TI TI DOW DaW 

Defects 109 129 250 265 

Denrit lr  a 22 25 49 52 

Two wafers from each group were oxidirted under the following conditions: 
k 

Thickness - 4200 A 

Growing timS - 25 min 

D r y  Cbrsgen - 
1.0 unit 8 2.5 p s i  

I 

Dry Nitrogen - 
1.0 unit @ 2.5'psi 

loo c 
us0  c 



Decoration after removal of the back oxides gam the following resul ts :  

T I  T I  DaW DW 

Defect8 75 80 151 l45 

Densities l.4 16 30 29 

It can bo seen t h a t  the defect density i a  higher by a fac tor  of 
approximately 2 i n  the oridss grown on f l o a t  sone material. The dislo- 
cation density is higher by a considerably greater factor  but it may be 
possible that only cer tain types o r  grouphgs of dislocations r e su l t  i n  
oxide defocts (i.o., not ovsry  dislocation produces a defect)  o r  that 
there are many more l a t e n t  defects i n  the f l o a t  zone sample that may 
rupture on further t h s d  cycling. 

To investigate the l a t t e r  possibi l i ty ,  the 8 wafors wore subjected 

to a therm91 cycle czonsisting of heating at ll50 C for 5 rairrUtb8 i n  N2 and 
recooling t o  room temperature. 
with the following r e d t a t  

Tha decoration t e a t  was performed again 

DEFECT DENSITIES (ano2) 

Grown Wet 

TI 

Af'ter L3 
Cycle 

TI 

Original B 
A f t a r  112 
CyOle 

T I  DCkl DW 

53 51 58 

Grown Dry 

TI DCkJ DaW 

22 49 52 

80 127 



This indicates t ha t  the oxides on the C Z O C h r a b k i  substrates had 

more l a t e n t  defects than those on the f l o a t  sone substrates i n  contra- 
dict ion to expectation if a strong correlation existed between dislocations 

and oxide anomalies. After one thermal cycle a l l  wafers have osssn t ia l ly  
the same defect denaity, It appears doubtful on the basis of these resul ts ,  
t h a t  ail ioon dislocations can bo identifled as a major murco of oxide eli- 

ele c t r i c  defects . 
Another experiment aon8isted of growing oxidos on ep i tax ia l  Si 

layers  with VPlcJriRg atacking f a u l t  densi t ies  (from - 100 ano2 to - 10,OOO uuo2), The samples were oxidized i n  s t e m  a t  1150 C producing 
oxides 3700 2 thick. Defect drns i t ies  wem measured before and a f t e r  back 
oxide ramoval. No significant defect density differenao was observed on 
wafers with d i f fe ren t  staoking f a u l t  denaities, 

The rermlts of this experiment indicate that stacking faults 8m 
not a type of substrate defect which i a  responsible fo r  the incidence of 
oxide diel6clxd.c defects. 

Slnce the sample on which the repl icate  slectron microscopy 
was performed i s  e t i l l  in tac t ,  it is  planned t o  exirmine tho rubstrate 
bemath the three oxide dofects in the hop6 of obtaining sow insigM 
in to  the nature of possible subatrate origin8 of oxide variations. 

It is conoluded that defects in ofids layers originate during cool- 
i n g  from high temperature treatments probably as a r e su l t  of thermal 
expansion mismatch; tha t  a l l  t r eaben ta  tha t  cause flexing of the wafer, 
such a8 back oxide removal, introduce additional defecta; and t ha t  the 

occurrence of dislocations or  stacking f au l t s  i n  the substrate s i l i con  is 
unrelated to the generation of oxide dsfocts, 

PROPOSED PLAN FOR F’OUClWING QUARTER 

Investigation of tritium bota as- tachnique will k continued. 
A d d i t i o n a l  investigation of proton oleotromigration and exchang6 with 
sodium will be d e .  

(la8 anbient investigations w i l l  be resumed. 

EPR experiments w i l l  be mumnrrrieed and correlated with proossr 
variables. 



Cwde defect inmstigationa w i l l  continue with amphasis on 
morphological characterization by electron oaicroscopy, Further correlation 
with &de regruwth and back oxide remod, and structural  modifiertion8 
aimed a t  reducing mi-teh i n  the& properties. 
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